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Effects of biological sulfur conversion on wastewater treatment 
下水処理に及ぼす硫黄循環の影響 
環境デザイン学専攻 金澤 推 
In this study, the effects of biological sulfur conversion on wastewater treatment were investigated.  
First, the effects of sulfates on enhanced biological phosphorus removal (EBPR) were investigated in 
three municipal wastewater treatment plants (WWTPs), which treat sewage containing several 
concentrations of sulfates. In the three WWTPs, uptake and release of phosphorus were observed in 
the anaerobic-oxic conditions (AO). In WWTPs which treats sewage containing high sulfate 
concentration (high sulfate WWTP), sulfate reduction and sulfur oxidation occurred. The release of 
phosphorus was lower than those in the WWTP, which treats sewage containing low sulfate 
concentration (low sulfate WWTP). In low sulfate WWTP, significant phosphorus release and uptake 
were observed. The activities of sulfate reduction and sulfur oxidation depended on sulfate 
concentration of the influent. The percentages of phosphorus accumulating organisms (PAOs) in 
activated sludge was higher in the low sulfate WWTP. On the other hand, the percentages of sulfate 
reducing bacteria (SRB) and sulfur oxidizing bacteria (SOB) were related to decrease in sulfate in the 
anaerobic zone and the activities of the sulfur cycle. SRB which oxidize organic matters completely 
was detected in the high sulfate WWTP, suggesting that SRB might compete with PAOs in the plant. 
Next, the microbial communities and the treatment performance in the high sulfate WWTP were 
investigated, when the plant operation was converted from AO method to conventional method (OO). 
When the plant was operated by OO, the filamentous bulking due to the excess growth of Thiothrix 
occurred. Biological phosphorus removal stopped, and the relative abundances of PAOs were 
remarkably decreased. Although the activities of sulfur cycle did not change, the main communities 
of SOB and SRB remarkably changed. The effectiveness of the AO operation as measures against the 
bulking caused by Thiothrix was confirmed. 
Furthermore, the effect of low concentration of sulfate addition on the anaerobic digestion at 35°C 
was investigated using a lab-scale reactor. By the addition of sulfate to the waste sludge from the final 
sedimentation basin, methane production yield increased although sulfate reduction occurred. 
Acetogenic sulfate reducing activity was higher than hydrogen and acetate utilizing activity. 
Acetoclastic methane production activity of the sludge was higher than hydrogen utilizing activity. 
Acetogenic sulfate reducing bacteria and acetoclastic methanogen were detected, suggesting that 
sulfate reducing bacteria form acetate and acetate was utilized for methanogen. 
Final, the new pre-treatment process for excess sludge under sulfidogenic condition was proposed. In 
the batch experiment of excess sludge, when calcium sulfate was added to the sludge, it was recognized 
that higher acetate production and lower phosphate release from the sludge. In the continuous 
experiment, acetate production was depended on sulfate reduction. SRB, which oxidize organic 
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matters to acetate were detected in the sulfidogenic pre-treated sludge. The release of phosphorus from 
the pre-treated sludge were 0.4 times lower than that of control. The gas generation from the pre-
treatment sludge was 1.2 times larger than that of non-treated sludge, and the concentration of 
phosphorus in the supernatant of pretreated sludge were decreased in the digester. The sulfidogenic 
pre-treatment by using calcium sulfate was found to be effective for the decomposition of sludge and 
for increase the gas production. This process is considered as an effective process because it enables 
increase of the gas generation and recovery of phosphorus. 
